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INTRODUCTION
reaction (qPCR). For synthesis of cDNA from miRNA, 250 ng of total RNA isolated above was used in 141 the miScript II RT kit (Cat. No.: 218160, Qiagen, Inc.) according to the manufacturer's protocol.
142
To determine changes in extracellular matrix gene expression in rat cardiac and renal tissues 
Urinary protein excretion (UPE):
168 Assessments of 24 hr urinary protein excretion were performed as previously described (25).
169
Measurement of serum cystatin C:
170 Cystatin C was measured in plasma from blood samples collected at the time of euthanasia using 
Histology:
178 Rat left ventricle and renal tissues were immediately fixed in 4% formaldehyde tris-buffered 179 solution (pH 7.2), and paraffin embedded after 48h of fixation. Masson's trichrome staining for cardiac 180 and renal fibrosis was conducted and computer aided morphometry used to quantify the percent of 181 fibrosis in the tissue as previously described (13, 17, 22, 23 (Fig. 1A-C) . These data show that both smoking and CKD effect cardiac and renal fibrosis.
199
Smoke exposure and PNx elicit significant decreases in expression of anti-fibrotic miR-29b-3p and 200 increases in fibrosis related mRNA expression.
201
Our previous studies identified a mechanistic link between CKD induced cardiac fibrosis and 202 significant decreases in cardiac tissue expression of the anti-fibrotic miRNA, miR-29b-3p (12). We 203 linked decreased expression of miR-29b-3p to increased expression of the fibrosis marker (and miR-204 29b-3p target) Collagen 1A1 (12). To demonstrate a mechanistic link between CKD, cardiac and renal 205 fibrosis, and combustible cigarette smoke, we evaluated expression of miR-29b-3p in cardiac and renal 206 tissues from rats exposed to combustible cigarette smoke. miR-29b-3p expression was significantly 207 decreased by more than 2-fold in cardiac tissues of CKD (PNxA; effect size 25.8% [P=0.0275]; Table 2) 208 and cigarette smoke exposed (ShamS) rats ( Fig. 2A ; effect size 30.3% [P<0.0001]; Table 2 ). The 209 combination of cigarette smoke and CKD (PNxS) led to an even more significant approximately 5-fold 210 decrease in miR-29b-3p expression versus ShamA, this level of expression was significantly lower than any other group considered ( Fig. 2A; interaction Table 2 ). These data confirm that the significant decreases observed in cardiac tissue 221 expression of miR-29b-3p have effects on fibrosis formation.
222
In rat renal tissues there was a significant decrease in miR-29b-3p expression induced by 223 cigarette smoke (ShamS; Fig. 3A ; effect size 34.6% [P=0.0275]; Table 3 ). CKD (PNxA) also 224 significantly decreased miR-29b-3p expression by more than 20% ( Fig. 3A; Combustible cigarette smoke leads to increased left ventricular hypertrophy.
255
To further assess the physiological effects of combustible cigarette smoke exposure in a model of 256 CKD, we evaluated the effects of combustible cigarette smoke inhalation on total body weight (BW), as 257 a marker of overall health in these animals, heart weight (HW) and kidney weight (KW) as markers of 267 5B). Left ventricular (LV) hypertrophy, based on LV weight (LVW) and LVW/BW ratios, followed the 268 same trend as that for overall cardiac hypertrophy (Tables 4 and 5 ). The final heart and LV weights in 269 the PNxS group were 22% and 26% higher, respectively, than that for the ShamS animals (Tables 4 and   270   5 ). These data demonstrate that smoking induces cardiac hypertrophy in the setting of pre-existing CKD. Table 6 ). Table 6 ). However, while
291
PNx resulted in an approximately 58% increase in serum cystatin C levels versus ShamA, no further Table 6 ).
294
Plasma creatinine levels were significantly increased by either CKD or cigarette smoke exposure Table 6 ).
296
Combining the insults (PNxS group) led to serum creatinine levels of 1.50±0.13 mg/dL, which was 297 higher than any other group analyzed ( Fig. 6C ; interaction effect size 0.02% [P=0.9174]; Table 6 ).
298
Assessments of creatinine clearance (Fig. 6D) Table 6 ). These data indicate that even in healthy models, cigarette 302 smoking can lead to diminished renal function, and that imposing cigarette smoking onto a background 303 of pre-existing CKD may lead to more severe decrements in renal function.
304
DISCUSSION
The current study distinguished several factors related to CKD that were significantly affected by 306 combustible cigarette smoke. More importantly these studies revealed that cardiac miR-29b-3p 307 expression, renal Col1a1 and Col4a1 mRNA expression, and creatinine clearance all displayed 308 significant interactions, indicating that smoking worsened these important factors in CKD induced 309 pathology. Both combustible cigarettes and e-cigarettes induced significant decreases in the important 310 epigenetic anti-fibrotic mediator miR-29b-3p. This is a significant and novel finding illustrating the 311 effects of tobacco and nicotine on epigenetic regulation of fibrosis formation in cardiac and renal tissues.
312
Recently published work from our lab revealed that decreased tissue expression of miR-29b-3p 313 is a mechanism of cardiorenal toxicity and organ fibrosis in CKD (12). MicroRNAs (miR) have been
314
shown to play roles in the progression of many diseases, including fibrotic, hypertrophic and apoptotic 315 disorders, and can serve as biomarkers of disease (26). Recently, several studies have focused on miR-316 29b's ability to regulate fibrosis, a known effect of organ injury due to toxicity (38, 43) . The data from 317 the current study are the first to indicate that smoking leads to significant decreases in miR-29b-3p in 318 cardiac and renal tissues, and the first to indicate that these effects synergized with CKD induced 319 decreases in miR-29b-3p to lead to worsening tissue fibrosis as indicated by increased fibrosis related 320 mRNA targets of miR-29b-3p in both cardiac and renal tissue. This novel finding indicates that 321 decreased expression of miR-29b-3p may be a novel mechanism of nicotine delivery that can mediate 322 renal injury, which should be evaluated in e-cigarette exposed animals. It is important to note that 323 previous publications on cigarette smoking showed that endothelial cell dysfunction, activation of 324 growth factors (angiotensin II, endothelin-1, and TGFB1), tubulotoxic effects, oxidative stress, increased 325 clotting of platelets, impaired lipoprotein and glycosaminoglycan metabolism, modulation of immune 326 mechanisms, vasopressin-mediated antidiuresis, and insulin resistance all are affected by smoking 327 exposure (32-35). These factors could also play a role in mediating worsened cardiorenal injury and functional decline following cigarette smoke exposure and need to be evaluated following e-cigarette 329 exposure. Future detailed studies are planned to evaluate these mechanisms.
330
A major limitation of the current study should be noted in that multiple testing correction has not 331 been applied to the study, in particular when investigating the effects of surgery and smoke exposure on 332 the expression of seven gene targets of miR-29b-3p. While these data are strongly indicative that 333 smoking worsens several features of cardiorenal pathology and function, a clearer picture would be 334 gained with more animals included in the study.
335
In terms of exposure to combustible cigarette smoke, miR-29b-3p levels are altered in lung tissue 336 and blood of patients with chronic obstructive pulmonary disease (COPD) (1). Given that increased 337 nicotine levels are common to both combustible cigarette and e-cigarette exposure, and that nicotine 338 alone is known to mediate global miRNA expression in circulation and in various cardiac, gastric, stem 339 and pulmonary cell lines and tissues (28), our data suggests that inhalation of combustible cigarette 340 smoke leads to down-regulation of the fibrosis-suppressor miR-29b-3p, which has the potential to cause 341 dysregulation of pro-fibrosis mediators, possibly culminating in cardiac and renal tissue fibrosis. Lastly, 342 the current data also showed that using the rat PNx animal model of CKD is a promising new tool which 343 can be used to perform future in-depth mechanistic studies to determine other epigenetic and 344 biomolecular factors that lead to accelerated cardiorenal injury and functional decline in the setting of 345 pre-existing CKD, following nicotine, combustible cigarette and/or e-cigarette exposure.
346
Future studies designed to understand the roles that combustible cigarette smoke and e-cigarette Table 2 . per group. Data were analyzed with two-way ANOVA, full results can be found in Table 3 . A. 
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